To begin with the CCS development for combating the emission problems caused mainly by coal-fired power plant, a pioneering pilot injection and validation test for anthropogenic carbon dioxide (CO 2 ) storage into a deep saline aquifer has been set forth since 2008 in Taiwan by Taiwan Power Company (Tai-power), a national owned enterprise. From 2011 onward, a pilot test program will be launched in three phases (I, II, III) by a project team organized by Sinotech Engineering Consultants, Inc. (Sinotech). The phase I project is aiming at developing a characterization well with a vertical depth up to 3000 m underground and among which an overall 1500 m of rock cores at the lower half section containing the target cap rock and reservoir rock will be recovered and tested. The upcoming phase II project will be carried out in 2013 which will cover the construction of 2-3 corresponding wells nearby the first well some 50 m away in relevant azimuth, coupled with a sophisticate measurement and monitoring program to collect the baseline data, prior to the injection test operation. The phase III is scheduled in 2015 onwards and will involve a target amount of 10,000 tons of pilot injection and a relevant post-injection monitoring program for observing the fate of injected CO 2 and concluding scientific validation.
Introduction
Apart from some small scale oil and gas production anticline structures, there are few reservoirs which can fit the feasible criteria of a carbon sequestration site in Taiwan. This is mainly because Taiwan as an island is not only a heavily populated area, but located inside an well known active orogenic belt where only limited place can be applicable for storage due to frequent tectonic source earthquake. After an island wide exploration of the feasibility of carbon dioxide geo-sequestration candidate sites and a site screening process based on extensive literal review and analysis of available geological data, Sinotech entrusted by Tai-power has identified a deep saline aquifer as a potential candidate reservoir which belongs to Late Miocene to Pleistocene sedimentary strata in the southern flank of the Tai-Hsi Basin. Fig. 1 shows the isopach map of the sedimentary rock and the geographic locality of the Tai-Hsi Basin (after Lin, 2011) .
As depicted in Fig. 2 , the target aquifers with depth above 3000 m consist of four key geologic Formations, including KCL, CS, CL, and TKS Formations named from bottom to top (after Lin, 2011) . With pre-existing 2-D seismic image data combined from off-shore and on-shore, it is possible to allocate the first 3000 m deep well to drill through the target aquifer. These young and flat-lying alternating sandstone and shale members within the target aquifer constitute a well defined deep saline aquifer condition potentially safe enough for carbon storage. Among these deep seated aquifers, arenaceous KCL Formation has been regarded as a high potential CO 2 reservoir capable of receiving the huge emission and meeting sequestration needs for Tai-power's coal-fire power plants. The estimated effective and/or practical storage capacity can high up to 4 Gt-CO 2 or so evidently. The safe cap rock overlying the KCL Formation is the tens of meter thick CS Formation where the shale rocks predominate and an average overburden depth around 2300 m and thickness no less than 30 m is speculated. The preferred carbon sequestration test site is situated in the Western costal area of Tai-Chung Metropolitan in central Taiwan. This on-shore site was selected as a pilot test location not only because it is quite near a major coal-fire power plant in Taiwan, but the underlying basin is also well suited for the sequestration application by the primary appraisal reports regarding its geological stability and suitable rock properties. Fig. 3 shows the CCS developing road map up to fiscal year of 2030 which has been set up by Taipower with a long-term carbon reducing target fitting into national carbon policy. To begin with the development, a pioneering pilot test for anthropogenic carbon dioxide storage injection into a deep saline aquifer is launched in 2011 in Taiwan. The pilot test project will be conducted in three phases (I, II, III) as described below. 
Pilot Test Program
From 2011 onward, a pilot test program had been launched with three subdivided developing phases (I, II, III) as shown in Fig. 4 . The phase I project is aiming at developing a characterization well with a vertical depth up to 3000 m underground and among which an overall 1500 m of rocks core at the lower half section containing the target cap rock and reservoir rock will be recovered and tested. The upcoming phase II project will be carried out in 2013 which will cover the construction of 3-4 corresponding wells nearby the first well some 50 m away, and then followed by a sophisticate measurement and monitoring program to take the baseline data, prior to the injection operation.
The phase III is scheduled in 2015 onwards and will involve a target amount of 10,000 tons of pilot injection and a relevant post-injection monitoring program for observing the fate of injected CO 2 and concluding scientific validation. 
Phase I
The phase I project is aiming at developing a characterization well with a vertical depth up to 3000 m underground, and among which an overall 1500 m of rocks core at the lower half section containing the target cap rock and reservoir rock will be recovered and tested. Main activities involved in Phase I are summarized as the followings:
The well design of the characterization well was based mainly on the results of a previous on-site, high resolution 2-D seismic reflection survey, with seven on-shore profiles and a total length of 17 km. The purpose of the deep well is for characterizing the geologic condition of Target Formations and allocating the adequate zone for future injection test. In determining the drilling locality, nearby on-shore and offshore seismic survey database provided by local oil company and national science council of Taiwan Government had been overlooked. The existing data showed the test site is located in a well defined, gently inclined young sedimentary basin with no significant faulting events. Fig. 5 shows the drilling rig of the first 3000m characterization well. The rig is capable of reaching 5000 m deep in normal geological condition. Along with the drilling in Phase I Project, a detailed study with many working items have been considered, including in-situ stress measurement, open-hole and cased-hole well logging, drill cutting recording and analysis, continuous core recording and sampling.
• Rock core study Due to there is no enough geological data available, the full rock cores from depth 1500m to 3000m were scheduled to be sampled continuously in order to conduct a sophisticate study for the target formations and establish a sound geological knowledge basis for the project. The test program currently under execution is illustrated in Table 1 .
Two phase flow related tests are included in the test program where significant amount of test will be carried out to reveal the fluid properties within the porous media. Sinotech set up the first of its kind test equipment in Taiwan to conduct part of the CO 2 injection related tests. Some tests will be carried out by in Japan, with the aids of OYO Company. 
• Baseline data collection
The baseline data is important in two aspects. One is to prepare the data bank for the regular inspections of potential stakeholders or regulators, and the other is to safeguard the leakage risk during injection operations. Fig. 6 shows one of the monitoring stations on site. The baseline data which will be collected by each monitor station will include the measurement or monitor of : (1) CO 2 flux through soil layer, (2) 100 m down-hole micro-seismicity, and (3) hydrology change within 20 m deep observation well.
• Risk issue (Site scale model)
Risk issues at a test site scale must be addressed in order to get the trust of the stakeholders and to prepare the risk communication materials which are especially important when trying to get the permission of injection from official regulators.
Risk identification and risk assessment using scenario analysis, intervening with a series of baseline data collecting, is deemed necessary to oversee the potential negative impacts to the local environment and get the public acceptance since the pilot test will be the first try in Taiwan.
The targets of the risk issue concerning the site scale scenarios may consist of (1) injection rate study, (2) monitoring plan at predetermined well configurations, and (3) risk of leakage from well(s). The site scale risk domain of interest is shown in Fig. 7(a) .
• Risk issue (Basin scale model)
In case of a commercial scale CO 2 injection, it is taken for granted that risk issues should be taking into account within an area of review (AOR) and safety requirement must be fulfilled as might be requested by potential regulators. The basin scale risk issues shall account for issues such as (1) fate of injected CO 2 plume, and (2) safety assurance within 2-D AOR mapping area. Moreover, it should be noted that basically no leakage pathways are allowed throughout the life cycle of a safe sequestration operation. As a consequence, a prolonged monitoring program is needed to detect and send out any early warning of felt leakage. The basin scale risk domain of interest is shown in Fig. 7(b) . 
Phase II & III
Detailed schemes for phase II and III are still under planning at the moment because they are pending to be decided until the coring results of the first characterization well of phase I would have been concluded.
The phase II will be carried out in 2013 and continued by 3-4 corresponding wells nearby the first well some 50 m away, and will constitute a sophisticate network taking into account the injection and observation requirement, prior to the small injection operation. Major works in Phase II would be:
Conduct one 3000 m Deep injection well (for injecting 10,000 ton food grade CO 2 ) Modify the first 3000 deep characterization well into an observatory well Conduct second (and third) 3000 m deep well(s) for monitoring purpose Design and construction of relevant injection facilities (e.g. MRCSP) Install the measurement and monitoring system The phase III is scheduled in 2015 onwards and will involve a target amount of 10,000 tons of pilot injection and a relevant monitoring program for observing the fate of injected CO 2 and thus to conclude the required scientific validation.
Main Considerations of MMV Program
Injection monitoring program is of the major concerns in the phase III. In addition to relevant injection and facility design and construction program, well configuration schemes can be potentially foreseen, including (1) the 3-well case, and (2) the 4-well case. The major works corresponding to well configuration schemes have been taking into account and are summarized as follows.
• Well Logging in monitoring wells (Cased-hole condition)
• Vertical Seismic Prospecting (VSP)
• Cross-hole Tomography between two monitoring wells (should run across the injection well)
• U-tube & down hole integration monitoring tools (e.g. LBNL)
The application of well logging to monitor the plume migration seemed to be the most reliable method in all circumstances. In the 4-well case, due to the fact that three observatory wells are available, both the Vertical Seismic Prospecting (VSP) and cross-hole tomography (CHT) can be conducted to visualize the spatial distribution and fate of injected CO 2 .
A preliminary study on a site scale prediction of injected CO 2 plume distribution in phase III has been carried out using TOUGH2 code. The K-S and P-S curves which have been used in the TOUGH2 simulation for the site scale prediction are shown in Fig. 8 . The studies of time-lapsed induced pressure resulting from injection for three tentative hydrodynamic input parameters (case 1, 2, 3) and varied injection levels (5, 10, 15 m below cap rock bottom) are shown in Fig. 9 . These results are crucial and can be used to design the layout of the adequate monitoring program.
Same input parameters but on a basin scale prediction of injected CO 2 plume distribution is also necessary for risk communication need prior to full scale project deployment. Fig. 10 shows the results of a plume distribution prediction at a basin scale modelling. It is noted that, as a preliminary scenario analysis, only 7 km of westward prominent plume migration were predicted even in a high permeable case (case 3), in which a 20 year long continuous injection operation by an injection rate of one million tons of CO 2 per year plus a post-injection period lasted for 500 years behind the site closure.
Concluding Remarks
A carbon sequestration in a deep saline aquifer is regarded as a critical tool for mitigating the high emission coal-fired power problem and helping to abate the global warming and climate change. Up to date geological backgrounds investigation has been carried out in central Taiwan by the preferred test site characterization with the first 3000 m deep drilling, continuous core sampling and testing.
Based on the Tai-power CCS development road map, prospecting investigation program mainly consist of the pilot carbon sequestration test are introduced in this paper. The drilling, core sampling, testing, background measurement and monitoring programs of the Phase I of the pilot test project are now undertaking. The paper also summarizes both the short-term and long-term targets of Tai-power CCS development. The targets for all developing phases are outlined and to be conducted in upcoming years until 2017.
Risk assessments are regarded as a crucial essence to the public acceptance in early phases of carbon sequestration in deep saline aquifer. To provide the outreach and communication material to the stakeholders, scenario analysis for plume migration and storage safety is regarded compulsory and has been conducted by numerical simulation, based on preliminary rock parameters, respectively for a site and basin scale scope. History matching works will be employed when upcoming injection test of CO 2 begins in 2015.
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